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In escnerichla coll and/or bacillus subtffia. 



© Novel plasmid vectors are described, for expression in E- 
acnerichia coB and/or BacSlus aubtiHs, in which the gene 
which codes for a heterologous protein is placed under the 
control of regulating sequences which permit the organisms 
transformed with the abovernenfoned ptasmkte to express the 
heterologous protein in high yields. 
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PLASM ID VECTORS FOR EXPRESSION IN ESCHERICHIA COU AND/OR BACILLUS SUBTIUS" 



Specification 

The present Invention relates to novel piasmid vectors 
for expression In Escherichia coB and/or Bacillus subtflis, in 
which the gene which codes tor a heterologous protein is 
placed under the control of regulating sequences which 
permit the organisms transformed with the abo vemen tio ned 
piasmids to express the heterologous protein tn Wgh yields. 

in particular, the present invention relates to the pias- 
mid vectors pSMi46 and pSMU7 for expression in E cofi, 
in which the gene which codes for a heterologous protein is 
placed under the control of the terminating sequence of the 
phage fd of E cofi and of the pEl94 erythromycin promoter 
modified by replacing the -35 region with segments of 
synthetic DNA. 

The present invention further relates to the piasmid 
vector pSMi43 for expression in E cofi and B. sutrtSs and 
useful for the formation of the piasmid vectors pSMi46 and 
PSM147. 

Recent developments in the field of genetic engineering 
have made it possfcte to prepare specific proteins by means 
of a process which includes the formation of a piasmid 
vector containing a heterologous gene which codes for a 
specific protein, to Introduce the said vectors into host 
organisms, to isolate the said transformed organisms and to 
cultivate the same in culture media which are suitable for 
the purpose of obtaining the expression of the coded protein 
by the heterologous gene. 

DNA which codes for a protein which is generally not 
proo u ce o oy me nosx organisms wmcn are usee ano wrncn 
is referred to as a heterologous protein. 

ine Term expression ts usee to tnoicats tne process 
by which a protein is synthesized by an organism. 

The said process takes ptace in two phases. The first, 
referred to as transcription, consists in the transfer of the 
genetic information from the DNA to the messenger RNA - 
(mRNA). The second phase, referred to as translation, 
concerns the transfer of the information from the mRNA to 
the protein. 

The transcription of the DNA into mRNA takes place 
by means of the enzyme RNA polymerase, and commen- 
ces at a specific point of the DNA which is located in the 
vicinity of the sequence referred to as the promoter, and 
terminate s at another wen specified point in the vicinity of 
the region of DNA defined as the terminator. 

Because a specific heterologous protein is synthesized 
within a host ceo, it is necessary to place the structural 
gene of the said protein under the control of specific se- 
quences, La the promoter, the terminator and the rfocsomaJ 
binding site (RBS), which are recognized by the host or- 
ganism and which permit the mRNA polymerase to tran- 
scribe the DNA into mRNA and permit the ribosornes and 
relevant enzymes to translate the mRNA into proteins. 

It is well known that it is possible to obtain enhanced 
expression of a heterologous protein, by placing the struc- 
tural gene of the protein under the control of a "strong" 
promoter. 

A strong promoter is understood to be a pro motor 
which exhibits specific sequences of nucleotide bases. 



According to M.ROSemberg and D. Court (Am. Rev. 
Genet, 0679)* 319-353) the strong promoter sequence 
which is considered to be optimal is formed in the -35 
region by the bases TTQACA and the -10 region by the 
6 bases TATAAT, with a spacer of 17-18 nucleotides be- 
tween the two. 

ft is also weO known that the maintenance of the said 
strong promoters on the piasmid vectors is dependent upon 
the simultaneous presence of a terminator which is as 
10 strong (R. Qenko et al PNAS Z&> 0981) 4936-4940). 

The terminator in fact determines the detachment of 
the RNA polymerase from the DNA rnoiecute, thus prevent- 
ing tilts from interfering with the processes of replication of 
the piasmid DNA. The absence of the terminator would 
75 cause a reduction in the number of copies of piasmids per 
ceil and, consequently, the loss thereof from the ceil prog- 
eny. Just fike the promo t er s , the terminators are also de- 
fined, depending upon their sequence, as more or less 
strong, thus having a capacity to bring about the release of 
20 the RNA polymerase in a more or less effective manner. 

Thus, in order to obtain good piasmid stability, 8 large 
number of copies of piasmids per cell and, in consequence, 
efficient expression of the heterologous protein, it is neces- 
sary that a strong promoter should be associated with an 
25 equally strong terminator. In the literature, the terminator of 
the phage fd of E coJi (K. Sugimoto et al. Nucleic Acids 
Res. (1978) £, 4495-4503) is described as a particularly 
strong terminator. We have now found that, by rrotffymg 
the erythromycin promoter of p€l94, a piasmid present in 
50 B. subtiiis BGSC 1E7, by replacing the -35 region with 
suitably designed segments of synthetic DNA, it is possible 
to obtain promoters which are stronger than that at the 

The said promoters are maintained in a stable state at 

36 the piasmid level by virtue of the simultaneous presence of 
the terminating sequence of the phage fd of E cofi, and the 
microor g anisms transformed with the piasmid vectors con- 
taining the said prom oters are capable of expressing the 
heterologous proteins with high efficiency. 

40 In accordance with this, the scope of the present 

invention is constituted by novel piasmid vectors for expres- 
sion in & cofi and/or B. subtiiis, in which the gene which 
codes for a heterologous protein is placed under the control 
of regulating sequences which permit the organisms trans- 

45 formed with the abovementioned piasmids to express the 
hetero lo g ou s protein in high yields. 

In particular, the scope of the present invention is 
constituted by the piasmid vectors pSMi46 and pSMi47 
for expr es sion in E cofi, in which the heterologous gene 

60 which codes for a specific protein is placed under the 
control of the terminating sequence of phage fd ef E cofi 
and of the PE194 erytrramycm promoter modified by re- 
placing the -35 region with segments of synthetic DNA. 
The scope of the present invention is furthermore con- 

55 stituted by the piasmid vector OSM143 for expression in E 
cofi and B. subtiiis and useful for the formation of the 
piasmid vectors PSM146 and pSMU7. 

The piasmid vector pSMl43 may also be used for the 
formation of other piasmid vectors for expression, by repiac- 

60 Ing the region of the promoter and of the terminator with 
novel segments of synthetic DNA which code for other 
promoters and terrronators. 

According to the present invention, the segments of 
synthetic DNA in pSMl46 and DSM147 exhibit the follow- 

65 ing sequences respectively: 
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and 



51 CTG TTTTTTGTCAAT 3 ' 
31 TCGAGAC AAAAAACAGTTAGATC 5 ' 



5 ' CTG TTTTTTGTC AAC AACTTTTTT 3 ' 
3 1 TCGAGAC AAAAAAC AGTTGTTG AAAAAAGATC5 1 



The said segments are synthesized according to wen 
known techniques (J.H. Van Boom (1975) J3ioLChenu 
22L 4592 -RX. Letsinger et ai (1975) J. Amer. Chem. 
Soa SL 32). 

The piasmid vectors pSMi46 and pSMl47 introduced 
into cells of E. cofi HB10! are maintained in a stable state 
and impart to the ceils transformed in this manner a resis- 
tance both to ampictliin and to kanamycin up to concentra- 
tions of 100 ug/ml and 15 up/ml respectively. 

The ceils of E cofi transformed in this manner and 
cultivated in a suitable culture medium are capable of 
expressing the heterologous proteins in high yields. In ac- 
cordance with the present invention in pSMl43 ( pSMi46 
and DSM147 the gene which is placed under the control of 
the promotBf-terrninator sequences employed by us is that 
of the ^-lactamase of pBR322 of & cofi (cf. J.Q. SutcSfte 
Proc. NatL Acad ScL USA Z5-. 3737 (1978)). 

Nevertheless, the selection of the gene to be cloned is 
not critical in relation to the invention, and use may be 
made of heterologous genes which code for other proteins 
such as, for example, human and animal hormones, pro- 
teins for use in foods, enzymes, etc 

According to the present invention, the piasmid vectors 
PSM146 and dSM147 are obtained from the piasmid 
OSM143 by replacing the Sstl-Xbal region, having 740 
base pairs, with the segments of synthetic DNA which are 
defined by the sequences set forth above. 

The promoter sequence of pSMi43 has a single Ssti 
restriction site between the -35 region and the -10 region, 
and a single Xbal site upstream of the -35 region. 

It is thus possible to replace the small segment (740 
base pairs) carrying the promoter after .digestion of the 
PSM143 with the specific restriction enzymes Ssti and 
Xbal. 

in accordance with the present invention, the piasmid 
PSM143 is obtained by a process which includes: 



a The 

PSM116, 

site, 



from the piasmid pSMiio, of the piasmid 
exhibits a BamHI site in place of the PvUJI 



b. The formation, from the pSMlie, of the piasmid 
DSM131. which exhibits, downstream of the origin of repli- 
cation, two restriction sites Xhol and Bglll, which are useful 
for cloning, 



c The insertion into the piasmid pUCB of the Hindlll 
fragment containing the terminator of the phage of E coii fd, 
and isolation of the piasmid pSMl38, 

d. The isolation of the terminator of the phage fd from the 
piasmid pSM138 after digestion with the restriction enzyme 
BamHI, 
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e. The insertion of the BamHI fragment containing the 
terminator of the phage fd into the Bglll site of the piasmid 
pSM13i and isolation of the piasmid pSMi37, 

f. The introduction of a Hindi!! site downstream of the 
structural gene of ^-lactamase by means of in vitro mutation 
of the piasmid pSMiie, and isolation of the piasmid 
pSMUi, 

g. The ligation of the Hindlll fragment of pSMUi containing 
the gene of ^-lactamase with the Hindlll fragment of 3500 
base pairs of the piasmid pSMl37 after digestion of the two 
plasmids with Hindlll, and isolation of the piasmid pSMi42, 

h. The ligation of the BamHI -EcoRI fragment of the piasmid 
pSMi42 with the piasmid pSMH2 after digestion of the 
two plasmids with the restriction enzymes BamHI and Ec- 
oRI, and isolation of the piasmid DSM143. 



In accordance with the present invention, the gene 
cloned in the piasmid 0SM143 is that of the ^-lactamase of 
PBR322 of E coii. Nevertheless, by deleting the EcoRI- 
Hindlll fragment, of 850 base pairs, which contains the fi- 
lactamase gene, it is possible to insert into the vector a 
gene coding for another protein, which will thus be under 
the control of regulating sequences (promoter, terminator 
and RBS) recognized both by E coii and by B. subffiis. 

According to the present invention, the process for the 
formation of the piasmid DSM143 provides for the formation 
of intermediate plasmids starting from the piasmid pSMiio, 
which is obtained according to the description in Italian 
Patent Application 23.992 A/84 and the restriction map of 
which is reproduced in Figure 1. The piasmid pSMno 
exhibits an EcoRI site located upstream of the ATQ of the 
^-lactamase gene of pBR322 of E cofi. 

The piasmid pSMl43 obtained in this manner exhibits, 
at the end of the ^-lactamase gene, the terminator of the E 
coii phage fd and, upstream of this, the erythromycin pro- 
moter of pEW, the sequence of which, in the -10 region, 
is in accordance with what is reported by M. Rosemberg et 
ei, while the -35 region differs by two bases, exhibiting the 
sequence TT£A£.A. 

The piasmid vector pSMl43 may furthermore be main- 
tained in a stable condition both in E coii and in B. subtiiis, 
in which it confers the resistance to ampicfllin up to con- 
centrations of 100 ug/ml and 5 ug/ml, and to Kanamicin up 
to concentialions of 15 up/ml and 5 ug/ml, respectively. 

The piasmid dSM143 is characterized by the restriction 
map reproduced in Figure 2. 

In accordance with the present invention, the formation 
of the piasmid vectors pSMi43, dSM146 end pSMU7 is 
carried out in accordance with known techniques. 
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In particular, the digestion of the piasmids is under- 
taken by suspending the DNA piasmids in a solution coo- 
-taincng 50 mM Tris.HCI (pH 8.1), 50 mM NaOf and 10 mM 
MgCI, in the presence of the restriction enzyme or enzymes 
suitable tor the purpose and under the conditions recom- 
mended by the suppBer company. 

The restriction enzymes used in the present invention 
were suppGed by the companies BRL and BIOLABS. The 
Igase reaction of the fragments obtained after digestion Is 
carried out by suspending the said fragments in a solution 
containing 50 mM tnaHCi, 10 mM MgO* 10 mM 
dftftothretol (DTT) and 1 mM ATP in the presence of the 
enzyme T4 DNA Qgase. 

The "in vitro mutation" reaction, the purpose of which 
is to modify in a controlled manner the sequence of bases 
of a specific region of DNA, is undertaken by using the 
v methodology reported by MX Zotter et at in Nucleic Acids 
Research lfi (1982) 6487-6500. 

In order to verify the effect of the various promoters 
and of the terminator on the expression of the /3-tectamase 
gene of pBR322, the piasmids of the present invention were 
introduced into E. cofl HBIOI and B. subtiits BQSC 1A246 
ceils. The ceils transformed m this manner were respec- 
tively cultivated in the following liquid media: LB (Bacto 
tryptone 10 g f yeast extract 5g end NaC! log) (DIFCO) and 
SMS (Spitzen minimal salts) with the addition oi 0.5% 
glucose, 50 ug/mi tryptophan and trace elements, with 
agitation at 37°C, for 6 hours. At the end of the said 
period, the -lactamase activity was determined in the ceils 
for EL colli and both in the cells and in the culture broth for 
B. subtifis, and compared with that obtained by cultivating 
ceOs of a Subtais NRRL B15896 containing the ptesmid 
pSMHB obtained according to what is reported in Hafian 
AppBcatkxi 84/23992. It can be seen from the results 
obtained that the ptesmid pSMi43 is stable in B, subtSts 
and E. cofi and exhfoits a lactamase activity which is 
twice as great as that of p8MH9, both when introduced 
into B. subtflis and when introduced into E coll 

On the other hand, the piasmids pSMi48 and pSMi47 
prove to be stable onry in E. cofi and exh&rt a ^-lactamase 
activity from 6 to 65 times greater than that determined in 
the strain of & cofi containing pSM119. 

The strains of E. cofi HBIOI cont ai n in g the piasmids 
PSM143, DSM138, pSMi46 and pSMU7 were deposited 
the February 22, 1985 at the "American Type Culture 
Collection" Culture Centre, respectively ATCC 53038, 
ATCC 53037, ATCC 53039 and* ATCC 53040. 

DESCRIPTION OF THE FIGURES 



Figure 1 

Shows the restriction map of the ptesmid oSMno. 
Figure 2 

Shows the restriction map of the ptesmid DSM143. 
Figure 3 

Shows the restriction map of the ptesmid DSM146 and 
the sequence of the fragment of synthetic DNA present in 
the -35 region of the promoter. 



Figure 4 

Shows the restriction map of the ptesmid pSMl47 and 
the sequence of the fragment of synthetic DNA present In 
6 the -35 region of the promoter. 

Figures 

Shows the restriction map of the ptesmid pSMi 1 6. 

70 

Figure 6 

Shows the restriction map of the ptesmid DSM131 and 
the precise arrangement of the two XhcJ linkers. 

16 

Figure 7 

Shows the restriction map of the ptesmid pSMi38 and 
the precise ori entati on of the Hind III fragment containing 
20 the terminator of the E cofi phage fd. 

Figure 8 

Shows the restriction map of the ptesmid pSMi37 and 
25 the arrangement of the terminator of the phage fd before 
the origin of replication of the ptesmid On the anticlockwise 
direction). 

Figure 9 

30 

Shows the restriction map of pSMi4i and the stages - 
(in vitro mutation) for preparation thereof. 

Figure 10 

36 

Shows the restriction map of the ptesmid pSMl42. 
Figure 11 

40 Shows the restriction map of the ptesmid pSMii2. 

The ex p erimental examples which follow are iflustrative 
and do not imit the invention. 

EXAMPLE 1 

46 

Formation of the ptesmid pSM116 

1 ug of the ptesmid pSMi 10 is suspended in 20 ul of 
60 a solution containing 50 mM Tris-HO, pH 8,1, 50 mM NeCI 
and 10 mM MgO, (solution A) and cfr-gested with 1 unit - 
(U) of restriction enzyme Pvuli (BIOLABS) at 37°C for 1 
hour. 

At the end of the reaction the enzyme is inactivated at 
55 65 °C for 10 minutes. 

ul of the reaction mixture obtained in this manner and 
50 ng of phosphorytated BamHt linkers (BIOLABS) are 
bonded, in the presence of 1 U of enzyme T4 figase, after 
addition to 18 ui of a solution containing 66 mM trkHCi, 
60 pH 7.6, 6 mM MgCk 10 mM cfithiothrertol and 1 mM 
adenosine triphosphate (ATP) (solution B). 

The Ggase reaction is conducted at 14°C for 14 hours. 
The entire igase mixture is then used to transform cells 
of Escherichia coO HBIOI rendered competent with CaO, by 
66 the method described by Mandel and Higa (J.MoLBiot. 52 - 
(1970), 159-162). The selection of the transformed cells is 
undertaken by spreading on an LAgar medium (lOg Bacto 
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tryptone, 5g YE and I0g NaCt, I6g Difco agar per litre of 
H^)J containing 100 ug/ml ampicfflin. In this manner it is 
possible to isolate only those ceils containing the piasmid 
with the gene of ampicfllin resistance (Amp R ). 

From an Amp* done there is extracted and purified, 
according to the welt known methods (cf.: Rodriguez et al. 
in "Recombinant DNA Techniques: an irrtroduction w (1983) 
Addison-Wesley Publishing Company), the piasmid 
PSM116, the restriction map of which is reproduced in 
Figures. 

The piasmid pSMn6 when compared with the piasmid 
pSMHO by means of electrophoresis on an agarose gel 
Differs from the latter by the presence of a BamHI she in 
place of the Pvutl site. 

EXAMPLE 2 



Formation of the piasmid PSM131 

2 uq of the piasmid pSMii6, obtained as stated in 
example 1, are diluted in 50 ul of solution A and digested 
with 2 U of restriction enzyme Pstl (BIOLABS). 

At the end of the digestion reaction 50 ul of H,0 and 
100 ul of phenol are added to the mixture. 

The phenol is then extracted from the aqueous phase 
with an equal volume of ether, and DNA is precipitated by 
addition of 1/10 of the volume of a 3M solution of sodium 
acetate (pH 5.5) and 2.5 volumes of 95% ethanol, at a 
temperature of -70°C for 1Q minutes. 



The DNA precipitated in this manner Is separated from 
the solution by centrtfuging at 10,000 revolutions per minute 
for 10 minutes and is then ^suspended In 30 ul of Solution 
A in the presence of 0.6 U of enzyme Bai 31. 
5 The digestion reaction is conducted at 23 °C for 6 

minutes. The DNA linearized in this manner is precipitated 
and separated from the reaction mixture in the manner as 
stated above. 

The piasmid DNA is resuspended in 20 m of H,0 and 
io i ul of the said aqueous solution (50 ng of DNA) Is bonded 
to 50 ng of DNA of the Xhol Onker (Wortington) in the 
presence of 0.1 U of T4 ligase, after suspension in 10 ul of 
solution B in the manner stated in example 1. 

The Xhol Bnkers had previously been phosphoryiated 
T5 at the terminal 5' position according to the description in 
"Molecular Cloning. A laboratory manual" (Ed. T. Maniatis, 
EF. F ritsch, J. Sambrook (1982) Cold Spring Harbor Lab- 
oratory). 

The DNA of the Xhol linkers, the sequence of which is 
20 the following: 

TCTCQAQA 

AGAGCTCT, when it polymerizes, generates the recogni- 
25 ton site tor the enzyme Bgill 



30 



TCTC6AGATCTCGAGA 
AGAGCTCTAGAGCTCT 
I 1 



Bgill. 

40 



If at least two Xhol Enters are then bonded to the DNA 
of the piasmid pSMilS, cut with Pstl and treated with 
Bai3l, the result wO) be the formation of a construct which 
wffi exhibit two new restriction sites: Xhol and Bgill. 10 ul of 
the figase mixture are used to transform cells of E. colt 
HBIOI rendered competetent as described previously - 
(Example i). The cells are selected for tetracycline resis- 
tance and ampicfllin sensitivity by spreading on an L agar 
mecfium cortahing 20 ug/ml of tetracycline. 

The plasmids are extracted from the 44 Tc* and AmpS 
clones by the rapid procedure. 

The piasmid DNAs obtained in this manner are di- 
gested with 1 U of enzyme Xhol after suspension in 20 m 
of solution A, for the purpose of verifying the completion of 
the insertion of the linker. 

After analysis on an agarose gel (7%) the plasmids 
Bnearized with Xhol and with reduced lengths as compared 
with OSM116 were subsequently analysed for the purpose 
of verifying the presence of the Bgill restriction site. The 
piasmid containing both the Bgill and the Xhol restriction 
site and having a reduced length as compared with 
PSM116 was designated pSM131. 

The regions in proximity to the Bgill site of the Bgill- 
BamHI fragments of the piasmid pSMi3l are sequenced 
by the method of Maxam and Gilbert (Methods in En- 
zymotogy, vol 65, pp. 499-560 (1980)). 
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Figure 6 shows the restriction map of the piasmid 
PSM131 and the precise arrangement of the two Xhol 
linkers. The said finkers are situated at a distance of 69 
bases from the stop codon (TAA) of ^-lactamase (position 
3224 of DBR322) and at 532 bases from its start codon - 
(ATQ) (position 3618 of pBR322), thus indicating that the 
enzyme BaOl has deleted approximately 390 base pairs - 
(bp) from the Pstl site towards the origin of replication and 
only 5 bp from the Pstl ate towards the EcoRI site. Accord- 
ingly, the piasmid pSMi3i exhibits the expected char- 
acteristics, possessing the Xhol and Bgfl! restriction sites a 
shot distance downstream of the origin of replication of 
PBR322. 

EXAMPLE 3 



Cloning of the terminator of the phage fd In pUC8 and 
formation of the piasmid pSMl38 

1 ug of the piasmid pUC8 (Boehringer-Mannheim) and 
1 ug of the piasmid pLUB3 of E coli are each digested with 
1 U of restriction enzyme Hindill (BIOLABS) after suspen- 
sion in 20 ul of solution A. 

Whereas the pUC8 is linearized from the cut with 
Hindill, the pLUB3 is cut into two segments, the smaller of 
which, of approximately 352 bp, contains the terminating 
sequence of the phage fd. 
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The piasmid DNAs are precipitated and separated from 
the reaction mixtures in the manner stated previously. 

60 ng of pLUB34tindl» and 15 ng of pUC8~Hindll! are 
suspended in 10 ul of solution B and bonded together in 
the presence of 0.1 U of T4 Dgase. 

2 ul of Bgase mixture are utrfeed for the purpose of ' 
transforming suitable cells of E cofi JM83 (BRL). 

The transformants are selected for resistance to am- 
picfi&n by spreading on an L-agar medium (DIFCO) contain- 
ing 100 ug/ml of ampicflnn and the indicator X-gal in the 
manner deserted by J. Messing (Methods in Enz. voL 101 
(1983) pp. 20-78). 
» 12 while colonies are obtained in this manner, from 
which the piasmids are extracted by the rapid procedure. 8 
of the said piasmids ere composed of the DNA of pUCS 
and of the Hindi (I fragment of pLUB3 containing the termi- 
nator of the phage ftt 

In the Hindlll fragment of the terminator a BamHI site 
is located at a distance of only 4 bases from one of the 
Hindlll ends. Since 8 BamHI she is also present on the 
pUC8 at a distance of a few bases from the Hindlll site, it 
is possible to isolate the terminator of the hybrid piasmids 
obtained in this manner by digestion with the enzyme 
BamHI, provided that the orientation of the Hindlll fragment 
of the terminator in pUC8 is such that the two BamHI sites 
are in distal positions. 

The hybrid piasmids are then digested with BamHI and 
the DNA separated on 73% acryiamide gel 

After staining wfth ethidhim bromide and visualization of 
the DNA under UV Bent, it is observed that two of the eight 
piasmids analysed exhibited, after the cut wfth BamHI, two 
segments of DNA, one of approximately 350 bp and the 
other having the length of pUC8. 

The restriction map of one of these piasmids, which 
are desi gna ted pSMl38 ( is reproduced in Figure 7. 

EXAMPLE 4 



Insertion of the terminator into the piasmid PSM131 and 
formation of the piasmid pSM137. 

1 ug of pSMl31 and 33 ug of pSMl38 obtained as 
staled in examples 2 and 3 are digested, respectively, wfth 
i U of enzyme Bglll and 33 U of BamHI, altar suspension 
in 20 ul of solution A. 

At the end of the reaction, the enzymes are inactivated 
at 65*C for 10 minutes. 

2 ul of the reaction mixtures are added to 20 ul of 
solution B and bonded with 0.1 U of T4 Bgase. 



Since the enzymes BamHI and Bglll generate, after 
cutting of the DNA, cohesive ends which can be bonded 
together, ft is possible to obtain hybrid molecules formed 
from the pSMl31 and from the small BamHI fragment of 
6 the DSM138 containing the terminator of the phage f& 

2 ul of the Igase mixture are used for the purpose of 
transforming suitable cells of E coli HBIOI. 

The transformants are then selected on plates of L 
agar containing 20 ug/ml tetracycline. 
10 Among the Tc R clones obtained m this manner, one 
was isolated, bearing the hybrid piasmid pSMl37, the re- 
striction map of which is reproduced in Figure 8. 

The said piasmid is composed of the pSMi3l and of 
the small BamHI fragment of pSMi38 containing the terrrri- 
T5 nator of the phage fd which is thus located before (in the 
anticlockwise sense) the origin of replication of the piasmid. 

EXAMPLE 5 

20 

Introduction of the Hindlll site after the structural gene of fi- 
lactamase, and formation of the piasmid pSMUi. 

1 ug of the phage M13 mp9 having a double helix - 

26 (RF) and 1 ug of pSMH6, obtained as stated in example 
1, are digested, respectively, wfth 1 U of enzyme EcoRI 
and 1 U of enzyme BamHI, after suspension in 20 ul of 
reaction mixture A, under the conditions recommended by 
the supplier company Bioiabs. After inactivation of the en- 

30 zyme at 65° for 10 minutes, i ul of each of the two 
mixtures are bonded together, after suspension in 20 ul of 
reaction mixture B, in the presence of 0.1 U of T4 figase. 

5 ul of Dgase mixture are then used for the purpose of 
tran s fo r m ing suitable ceils of E. coli JM83, selection being 

35 carried out by resistance to amptcflJtn. The DNA (RF) of the 
phages is prepared from twelve of the white plaques ob- 
tained in this manner, as described by M. ZoOer and M. 
Smith (NucL Ac Res. 1£ (1982) 6487-6500). 

The DNAs are then digested wfth the enzymes BamHI 

40 and EcoRI as stated previously, and the samples are sepa- 
rated on 0.8% agarose geL 

Two of the hybrid molecules obtained in this manner 
prove to be formed by the DNA of the phage M13 mp9 and 
by the segment of 2000 bp of the piasmid pSM 1 1 6 bearing 

46 the gene of ^-lactamase. 

From one of the two plaques there is then prepared the 
singJe-hefix form of the recombinant phage DNA, purified as 
described by Zofler and Smith (NucL Ac. Research ifl - 
(1982) 6487-6500). 

60 A synthetx: oligonucleotide of 16 bases was then de- 
signed to be complimentary to the DNA region which fol- 
lows the end of the gene of 0-tactamase, apart from one 
base, and the sequence of which is the following: 



5 'TAACTGTCAGACCAAGTTTACTC ATATAT-3 1 

GTCTGGTTC AATGAGTA 5 1 synthetic primer 
G 

Hindlll 



The single-helix DNA of the recombinant phage, the 
universal primes TCCCAGTCACGACGT (Bioiabs) and the 
synthetic oligonucleotide (synthesized by Creative Biomoie- 
cules -San Francisco -Ca) are used for the experimental 



investigation of in vitro mutation as described by K. Norris 
et al. (NucL Ac. Research II (1983) 5103-5112), for the 
purpose of positioning a Hindlll site after the end of the 
gene of 0-Jactamase. 
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For the purpose of the in vitro polymerization and 
ligation reaction, the reaction mixture is treated with 3 U of 
BamHI and 3 U of EcoRI under the conditions recom- 
mended by the supplier company (Biotabs). The DNA is 
then separated on 0.6% agarose gel, and the EcoRI-BamHI 
fragment of 2000 bp, which is visible under UV Oght after 
staining with ethkJium bromide, is eluted in the manner 
described in Molecular Cloning. A laboratory Manual, Ed. T. 
Maniatis, E.R Fritsch, J. Sambrook (19B2) Cold Spring 
Harbor Labon3tory. 

100 ng of the segment of DNA eluted in this manner 
and 50 ng of the EcoRI-BamHl fragment of approximately 
350 bp, of the plasmid pSMH6, recovered from 73% 
acrylamide gel according to the procedure described by 
Maxam and Gilbert tn Methods in Enzymotogy voL - 
(1880) 526-527, are bonded in the presence of 0.1 U of T4 
Bgase, after suspension in 50 ui of reaction mixture B. 10 
Ul of ligase mixture are used for the purpose of transforming 
suitable cells of E coir HBIOI, selecting the transformants 
for resistance to ampicfliin (100 ug/ml). 

The plasmid DNA is prepared from four Amp R clones 
according to the rapid procedure. 

The DNA preparations are then treated with 1 U of 
enzyme Hindlll in 30 ul of reaction mixture A. 

in the case of complete mutation, it was expected that 
the cutting with the said enzyme would generate two frag- 
ments of DNA, one of 860 bp and the other of 1600 bp. 

The analysis, on i% agarose gel, of the four samples 
obtained as stated above indicated that two of these exhib- 
ited the expected characteristics. 

One of the said piasmids was designated pSMi4l. 

its restriction map and the steps required for the prep- 
aration thereof are reproduced in Figure 9. 

EXAMPLE 6 



Formation of the plasmid 0SM142 

1 ug of the plasmid pSMUl and i ug of the plasmid 
PSM137, which was obtained as stated in example 4, are 
each digested with 1 U of enzyme Hindlll, after suspension 
in 20 ul of solution A. 

The enzyme Hindlll cuts the plasmid pSMi4l at two 
points, generating two fragments, one of 630 bp and the 
other of 1600 bp. The pSMi37 also exhibits two Hindlll 
sites, and thus the digestion thereof gives rise to a fragment 
of 550 bp and to one of 3500 bp (Figure 8). 

1 ul of each reaction mixture is added to 16 ul of 
solution B containing 0.1 U of enzyme T4 ligase. The Bgase 
reaction is carried out at 14°C for 14 hours. 

After reactivation of the enzyme at 65° for 10 minutes, 
5 ul of Bgase mixture are used for the purpose of transform- 
ing suitable ceUs of E cos HBO. 

The transformants are selected lor resistance to am- 
picfffin and to tetracycline, by spreading on an L agar 
medium containing 100 ug/ml of ampidllin and 20 ug/ml of 
tetracycline. 

From a Tc R , Amp* done there is isolated by the rapid 
procedure a plasmid formed by the fragment of approxi- 
mately 830 bp Of the SM141 and by the fragment of 
approximately 3500 bp of the DSM137. 

The plasmid, the restriction map of which is repre- 
sented In Figure 10, was designated pSMl42. 

EXAMPLE 7 



Formation of the plasmid DSM143 

1 ug of the plasmid dSM142 and 1 ug of the plasmid 
• PSM112, which was obtained as stated in Italian Patent 
5 Application A/82 23992 and represented in Figure 11, are 
suspended in 20 ul of solution A and simultaneously cut 
with 1 U of enzyme BamHI and 1 U of enzyme EcoRI at 
37°C for 1 hour. 

After inactivation of the enzymes at 65* for 10 min- 
10 utes, 1 ul of the reaction mixture is used for the ligation 
reaction in the presence of T4 ligase as previously de- 
scribed. 

The entire Bgase mixture is then employed for the 
purpose of transforming suitable cells of E. con HBIOi, 
75 selecting the transformants for resistance to amptctOin and 
to tenamycin on plates of L agar containing 1O0 ug/ml of 
empiciliin and 15 ug/ml of kanamycin. 

From an Amp R and Km R clone there is isolated by the 
rapid procedure the plasmid pSMi43, the restriction map of 
20 which is reproduced in Figure 2. 

The DSM143 is composed of the 4950 bp fragment of 
the OSM112 and of the 2400 bp fragment of the pSMi42. 

The plasmid pSMi43 is then employed for the purpose 
of transforming cells of B, subtiiis SMS003 NRLL B 15897, 
25 which are rendered competent as described by Contents 
and Dubnau (MoL Gen. Genet 167(1979) 251-258). 

The selection of the transformants is carried out by 
spreading on tryptose blood agar base (TBAB) medium 
from DIFCO containing 5 ug/ml of kanamycin. 
so Piasmids identical to DSM143 were isolated from the 
Km R clones, thus indicating that the said plasmid was 
maintained in a stable condition in cells of B. subtilis. 

EXAMPLES 

35 

Formation of the plasmid DSM146 

1 ug of the plasmid DSM143 is digested sirnurta- 
40 neousfy with 1 U of enzyme SsD and 1 U of enzyme Xbal 
in 20 ul of solution A at 37*C for 1 hour. 

After fnactivatron of the enzymes at 65* for 10 min- 
utes, 1 ul of the reaction mixture is added to 19 ul of the 
solution B containing 0.1 U of T4 ligase and 50 ng of the 
45 fragment of synthetic DNA, the sequence of which is repro- 
duced in Figure 3. 

The ligase reaction is earned out at 14°C for 14 hours. 
After inactivaton of <he enzyme at 65° for 10 minutes, 
6 ul of the ligase mixture are used for the purpose of 
50 transforming suitable ceUs of E. coS HBIOI. The selection of 
the transformants is then undertaken on plates of L agar 
containing 100 ug/ml of ampMm. From an Amp R done 
there is isolated by the rapid procedure a plasmid in which 
the fragment SstJ-XbaJ of -740 bp of the pSMi43 was 
56 replaced by the segment of synthetic DNA of 15 bp+8 
single bases. The new plasmid is designated pSMi46, and 
its restriction map is reproduced in Figure 3. 

EXAMPLE 9 

60 

Formation of the plasmid pSMl47 

The procedure is carried out as in example 8 above, 
65 using in the ligase reaction 50 ng of a segment of synthetic 
DNA whose sequence is reproduced in Figure 4. 
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The piasmid isolated from an Amp R clone, designated 
PSM147, exhibits, in comparison with the pSMl43, the 
replacement of the Sstl-XbaJ fraoment by the synthetic 
segment of 24 bp + 8 single bases. 

The restriction map of the piasmid pSM147 is repro- 
duced in Figure 8. 

EXAMPLE 10 



Determination of the ^-lactamase activity of pSMl43 f 
PSM146 and pSMU7. 

Cells of E coH HBIOI and B. subtflis BQSC 1A246, 
containing the pfasmkJs pSMl43, pSMl46 t pSMU7 and 
PSM119 (comparison), are cultivated in corneal flasks hav- 
ing a capacity of 250 mi each containing 25 ml of culture 
medium previously sterilized at 120° for 15 minutes. 

B. subtflis is cultivated in SMS (SprrJzen Minimal 
Salts) medium to which is added glucose (0.5%), trypto- 
phan (50 ug/mf) and trace elements. 

E cdi is cultivated in LB. (DIFCO) medium. 

The cortical flasks are incubated, with agitation, at 
37*C for 6 hours. 
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The production of lactamase is determined, for E 
cofi, in the periplasmic specimens obtained as described by 

A. Nicoiakfis et aL (J. BacterioL J2£ (1978), 178) and, for 

B. subtffis, both in the supernatant liquid and in the sonicat- 
ed cefia In order to prepare the sonicated cells, 5 ml of the 
B. subtflis culture are cerrtrtfuged at 5000 rpm for 10 
minutes. The ceils obtained in this manner are suspended in 
5 ml of solution containing 30 mM tris. HCt, pH 7.2, and 50 
mM Nad and centrifuged again at 5000 rpm for 10 min- 



The cells are then suspended in 5 ml of 100 mM 
phosphate buffer, pH 7.0, and treated 3 times (for 1 minute 
each time) with an MSE sonlcator, Soniprep model 150, 
operating at maximum intensity. 

The ^-lactamase activity is measured with Nitroceftn as 
described by O'CaOaghan et al. (Antimicrob. Ag. 
Chemother. I (1972) 283-288). 

1 unit of lactamase is defined as the quantity of 
enzyme required to hydrotyse 1 nanomole of substrate per 
minute at 37»C. 

Table I shows the figures for ^-lactamase activity 
which were determined in the various cultures of B. subtilis 
BQSC 1A246 and Ecofi HBIOI. 



TABLE 1 

(i -LACTAMASE ACTIVITY (U/ml) 
PLASM D E . COLI HB101 B . subtitiS BGSC 
1A246 



PSM119 
pSM 1 43 
PSHH6 
PSMU7 



1300 U/ml 
2000 U/ml 
12000 U/ml 
85000 U/ml 



* 380 U/ml 

* 700 U/ml 



* Total of the activity determined in the supernatant 
liquid and in the sonicated cells. 



region with segments of synthetic DNA with a number of 
Ctofma ^ base pairs from 15 to 24 and 8 single bases. . 

2. Piasmid vector pSMl46 according to claim 1, wherein 
1. Piasmid vectors for expression in Eschercha cofi and/or trie segment of synthetic DNA composed of 15 base pairs 

BacSius subtflis, characterized in that the gene which codes and 8 single bases is characterized by the following sa- 

fer a rwterotogous protein is placed under the control of the * quence of bases: 
terminating sequence of the phage fd of E coli and of the 65 
P6194 erythromycin promoter modified by replacing the -35 



^CTGTTTTTTGTCAAT 3 ' 
3' TCGAGACAAAAAACAGTTAGATC 5' 
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3. Piasmid vector pSMi47 according to claim 1, wherein 
the segment of synthetic DNA composed of 24 base pairs 
and 8 single bases is characterized by the following se- 
quence of bases: 



^CTGTTTTTTGTCAACAACTTTTTT 3 ' ' 
3* TCGAGACAAAAAACAGTTGTTGAAAAAAGATC5 1 



4. Piasmid vectors according to claims 1 to 3. wherein the 
gene which codes tor the heterologous protein is selected 
from human and animal hormones, proteins for use in foods 
and enzymes* 

5. Piasmid vector according to claim 4, wherein the gene of 
the heterologous protein is that of ^-lactamase. 

6. Process for obtaining the piasmid vectors according to 
claims 1 to 5, from the piasmid vector pSMl43, character- 
ized in that the SstfOCbal sequence of 740 base pairs of the 
promoter of pSMi43 is replaced, following digestion with 
the restriction enzymes Sst) and Xbal, with a segment of 
synthetic DNA. 

7. Piasmid vector pSMl43 according to daim 6, wherein 
the promoter is that of the erythromycin of pEl94 and the 
terminator is that of the phage fd of E coH 

8. Process for the formation of the piasmid vector pSMi43 
according to claim 7, characterized in that 



a) the piasmid pSMllO is modified by replacing the Pvul! 
ste with the BamHI site, and the piasmid pSMH6 is 

b) there are located within the piasmid pSMlie, down- 
stream of the origin of replication, two restriction sites Xhol 
and BgUI which are useful for cloning, and the piasmid 
PSM131 is isolated, 

c) the Hindlll fragment bearing the terminator of the phage 
fd of EL coli is inserted in the piasmid pUC8, and the 
piasmid pSM138 is isolated, 

d) the terminator of the phage fd of the piasmid pSMl38 is 
isolated, following digestion with the restriction enzyme 
BamHI, 

e) the BamHI fragment -containing the terminator of the 
phage fd is inserted in the Bgdl site of the piasmid 
PSM131, and the piasmid pSMi37 Is isolated, 

f) a Hindlll site Is introduced downstream of the structural 



gene of the protein by means of in vitro mutation of the 
r5 piasmid pSM1 16, and the piasmid pSMUl is Isolated, 

g) there are bonded, in the presence of DNA T4 figase, the 
Hindlll fragment of the pSMi4T containing the gene of £• 
lactamase and the Hindlll fragment, of 3500 base pairs, of 
20 piasmid pSMi37, which were obtained following diges- 
tion of the two piasmids, and the piasmid pSMi42 is 
isolated, 
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h) the BamHJ-EcoRl fragment of the piasmid pSMU2 is 
bonded, in the presence of DNA T4 ligase, with the piasmid 
PSM112, following digestion of the two piasmids with the 
restriction enzymes BamHI and EcoRI, and the piasmid 
PSM143 is isolated. 



9. Process for the production of ^-lactamase, characterized 
in that 



a) the piasmid vectors pSMi43, pSMus and pSMU7 are 
introduced into host organisms, 

b) the said organisms transformed in this manner are iso- 
lated and 

c) the said transformed organisms are cultivated in a liquid 
culture medium containing sources of carbon, sources of 
nitrogen and trace elements. 



10. Process according to claim 9, wherein the host or- 
ganisms are Escherichia con HBIOI and Bacillus subtilis 
BQSC 1A246. 

11. Escherichia cofi (pSMl43) ATCC 53038 

12. Escherichia coli (pSM146) ATCC 53039 

13. Escherichia coli (pSMl47) ATCC 53040 

14. Escherichia cofi <pSMl38) ATCC 53037 
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